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1.0 INTRODUCTION

The Office of Naval Research Detachment, Stenais Space Center tasked TRW to investigate
the applicability of the Advanced Underwater Acoustic Modeling Project (AUAMP version
2.6) in shallow water and transitional (slope) ocean environments. AUAMP was developed
for deep water applications and analysis was required to determine its appropriateness in
shallow water environments (ref 1). This document presents preliminary results of this
analysis. In addition, this report attempts to separate the environmental input dependency
from the model algorithm accuracy when using AUAMP to make acoustic and system
predictions. This document is ar. intermediate report in the process of the validation and
investigation of AUAMP version 2.6 in shallow water and slope environments.

This task investigates the applicability and sufficiency of the AUAMP model algorithms, data
bases, and modeling assumptions in shallow water. Initially, this evaluation addresses the
sensitivity of model algorithms to environmental input parameters as well as their
appropriateness for use in shallow water environments. The degree of accuracy (hence
usefulness) of AUAMP predictions is then investigated with comparisons to measured data.
The drastic impact of specific environmental parameters is documented in this report.

The specific scope of this document is to:

° Familiarize the reader with the philosophy and methodology used in
conducting this study;

] Make the reader aware of the limitation of current data bases and other issues
of using AUAMP in shallow water;

. r'-esent results of the analysis of AUAMP algorithms and the algorithm
scnsitivity to environmental inputs, where appropriate.

) Present comparisons between AUAMP predictions and measured data.

. Present the results of the initial analysis of discrepancies between model and

measured results.




o Point out the general obstacles in performing the evaluation of a model in
shallow water, specifically the problems encountered by TRW in performing
this analysis and recommend possible solutions.

The remainder of this document is divided into four sections. The second section presents
the method of analysis used in this study to support model evaluation. The third section
presents some general modeling and data base issues. The third section also presents model
to model comparisons used in investigating a few of these issues, where applicable. The
fourth section presents representative model to measured data comparisons. The fifth section
summarizes this preliminary stage of the study and recommends actions that can ensure an
appropriate evaluation of AUAMP in shallow water. '




20 METHODOLOGY

The determination of whether a model is performing to a required degree of accuracy in any
environment is dependent on two factors: the accuracy of the environmental inouts and; the
ability of the model algorithms to correctly represent the phenomena being modeled. If the
model algorithms are not appropriate, no matter what the degree of accuracy in the
environmental inputs, the answer will be incorrect. Similarly, if a high fidelity, precise model
exists, it will never yield useful predictions if the environmental inputs are incorrect. Thus,
it is necessary in an evaluation procedure of an acoustic model to separate the inaccuracies
due to non-perfect environmental data and the inaccuracies due to the model algorithms.
Though it is difficult and expensive to have "accurate" environmental data, it is essential to
strive for the separation of environmental and algorithm dependencies, anyway. If one piece
of the environmental data is incomplete or not known to the required degree of accuracy, it
can never be conclusively proven that the similarity or discrepancy of real data with a model
prediction is due to faulty or incomplete environmental inputs or to the model algorithms.
This procedure can be viewed as unique when compared with current deep water evaluation
studies of some acoustic models. Many models (including AUAMP) were originally designed
for use in deep water environments. The development of AUAMP included comparisons with
PE as well as real data in its evaluation stages (ref 1). As a result, AUAMP has been well
scrutinized in deep water. However, when using AUAMP in a shallow water environment,
for which it was not originally intended, the results of the deep water validation may not hold.
The deep water cvaluation procedure is concerned with the robustness of the models as well
as accuracy. The shallow water evaluation process analyzes the appropriateness of the
algorithms within the model.

Using the philosophy presented above, TRW is investigating AUAMP using the following
three step process:

1. Conducting a general analysis of the model algorithms and assumptions for the
establishment of their correctness in shallow water.

2. Comparing models to test the implications of related algorithm issues.
3. Conducting model to measured data comparisons using both in situ
3
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environmental inputs and Historical Ocean Profile (HOP) inputs to observe
prediction differences and the effect accurate knowledge of environmental
inputs has on AUAMP predictions.

The pivotal calculation in AUAMP is the ASTRAL transmission loss calculation. This
transmission loss calculation is performed between the source and target and the target and
receiver. In addition, ASTRAL is used to compute the transmission loss between the
reverberation scatterers and the receiver as well as the transmission loss from the noise
sources in the ocean to the receiver. Consequently, due to the large role ASTRAL has in the
AUAMP model, this study has focused on transmission loss. The results of comparisons of
signal excess data with signal excess predictions would be inconclusive because the source of
discrepancy may be in any of the environmental inputs, the transmission loss calculation, the
reverberation calculation, etc. It was appropriate to concentrate on transmission loss in this

study since preliminary comparisons did not match well.

The initial set of test data from at-sea experiments chosen for consideration in the analysis
documented in this paper is unique for a number of reasons. Since the objective of this study
is to determine whether mismatches in transmission loss are due to algorithm or non-
representative environmental inputs, data from tightly controlled experiments were selected
for initial comparisons. This reduced the number of unknowns in the comparisons. For
example, one of the experiments from which transmission loss data was used had a stationary
receiver with a source moving out specified radials. This straightforward measurement
technique reduces the problems and errors accrued in resolving the environment and
navigation for a moving source and receiver (which is present in many current at-sea tests).
In addition, AUAMP does not have the automated capability for performing multiz.e
transmission loss runs along tracks between a moving source and receiver. It assumes the
source and receiver are fixed when calculating transmission loss.

No report on an investigation in shallow water can escape without a definition of shallow
water. Wherever paths are dominated by bottom bounce paths such that knowledge of the
bottom becomes crucial is the working definition of shallow water used in this study, although
other appropriate definitions do exist (ref 2). The bottom interaction phenomena can be due
to a negative gradient sound velocity profile or just very shallow water. Within this paper the

deepest shallow water environment investigated was approximately 1000 feet.




3.0 ISSUES UF USING AUAMP IN SHALLOW WATER

This section presents an overview of the capabilities of AUAMP. A summary of the data
base limitations and information about the algorithms used within AUAMP and their
applicability in shallow water is presented. This section also presents model to inodel
comparisons in support of the analysis of the algorithm issues.

3.1 Background of AUAMP

The Advanced Underwater Acoustic Modeling Project (AUAMP version 2.6) is a modular
system of models which utilizes the results of one model as input to another model. The
ultimate output of AUAMP is range-dependent active signal excess for up to 14 receivers.
AUAMP also calculates, and outputs, range-dependent transmission loss, reverberation, target
echo and ambient noise. Navy standard data bases are used as the source for environmental
information. The model also allows independent (synthetic, measured, etc.) data to be
inserted into the model calculations rather than accessing the standard data bases inherent
to AUAMP.

32 Algorithm and Data Base Issues with AUAMP

This section summarizes the data base restrictions currently within AUAMP and lists the
algorithms within AUAMP which have been investigated for their applicability in shallow
water. Reference 3 provides a detailed description of the algorithm concerns and data base
restrictions.

] Extension of the sound velocity profile with a positive pressure gradient

ASTRAL saves time in its computations by setting up specific
mathematical functions to calculate transmission loss (mode and depth
functions) only once for each specific sound velocity profile. These
functions are constructed by assuming the ocean to be "infinite" in

depth for a specific sound velocity profile. Each sound velocity profile




is extended to an "infinite" depth of 10,000 m with a constant positive
pressure gradient of .018 m/sec. Similarly, the bottom depth at the
location of the SVP is considered to be the "infinite” ocean depth.
Every time a new sound velocity profile is encountered, ASTRAL uses
this technique to establish new functions. ASTRAL then marches out
in range, renormalizing the mode functions for specific water depth

changes.

The extension of the SVF with a positive pressure gradient to an
infinite ocean depth is appropriate in deep water. Deep water profiles
normally exhibit positive gradients near the bottom because only
pressure affects the sound velocity profile at deep depths, thermal and
salinity variations having ceased. For this reason, the SVP is extended
in the model with a positive gradient of .018 m/s. In shallow water,
this is not necessarily true. Significant salinity and thermal variations
can still be taking place at or near the bottom. If in a certain
environment the sound velocity profile used in TL, reverberation or
noise model predictions has a negative gradient near the bottom, the
extension of a positive pressure gradient on the profile could introduce

a false duct near the bottom and may produce inappropriate results
(ref 1,5).

L Sound Velocity Profile Data Base
The current sound velocity profile cata base is limited to ocean areas
deeper than 100 meters. Ongoing upgrades to AUAMP data bases
will include a shallow water sound speed profile data base (ref 4).

] Bottom Interaction

Due to the multiple bottom interactions of sound energy propagating

in shallow water, bottom characteristics play a significant role in the
transmission loss calculation. ASTRAL uses the Bottom Loss
UpGrade (BLUG) model which accesses the Low Frequency Bottom




Loss (LFBL) data base for geoacoustic parameters. Inappropriate
results may occur at steep grazing angles for intermediate frequencies
and thick sediments due to the way BLUG calculates a loss per bounce
dependent on a reflected and refracted wave. Steep grazing angles can
be encountered in upslope (transitional) environments (or at very
short ranges, i.e., less than a mile in 200 feet of water) (ref S, 8).

Additionally, there is a lack of empirical bottom loss data at shallow
grazing angles. In flat bottc.ned shallow water environments the
energy from the shallow grazing angle rays contributes significantly to

the transmission loss at a given range. Multiple bottom interactions
are accentuated by the characteristically negative gradient shallow
water sound velocity profile, which is refracting an increased number
of rays to the bottom. Bottom loss information at shallow angles is
pivotal for calculating transmission loss in cnallow water environments.

Representative model to model comparisons are presented in this next
section (3.3) to investigate the sensitivity of AUAMP to bottom loss
at shallow grazing angles relative to other models.

. Low Frequency Bottom Loss Data Base (LFBL)

This data base, until recently, supplied nine geoacoustic parameters to
ASTRAL. These parameters characterized specific areas of the ocean
and include sediment thickness values in two-way travel time.
Recently, a tenth parameter, an attenuation exponent that adjusts the
bottom loss in shallow water, has been added to the LFBL data base.
This tenth parameter is not used within AUAMP version 2.6.
Upgrades to AUAMP will include the use of this parameter. Thus,
bottom interaction in shallow water is treated similarly to bottom
interaction in deep water (ref 10).




L Scattering Strength

In shallow water small grazing angle rays dominate the transmission
loss. The scattering strength models implemented in AUAMP,
Mackenzie-Lambert to calculate bottom scattering strength and
Chapman-Harris to calculate surface scattering strength, may produce
inappropriate results for grazing angles less than a few degrees (as
compared with measured data) (ref 9).

Additionally, AUAMP does not handle forward scattering in its
modeling of reverberation. The model assumes all scattering is back
in the direction of the source (ref 9).

. Total energy versus Peak energy transmission loss

AUAMP version 2.6 uses the total energy for calculating transmission
loss. Peak energy is sometimes measured during sea tests. Upgrades
(version 2.8) to AUAMP will employ the option of peak energy to
represent transmission loss (ref 4). It is the investigators decision as
to which prediction technique is appropriate for a specific study.

Selected issues above were investigated further with model to model comparisons for analysis
purposes. A summary of these analyses are presented in the next subsection.

i3 Model to Model Comparisons

33.1 SVP Extension Algorithm

One of the initial algorithms investigated for its appropriateness in shallow water was the
extension of the sound velocity profile with a positive pressure gradient within ASTRAL (ref

1, 5). This is done to conserve time within ASTRAL. Initial depth functions are constructed
for each watermass assuming an ocean depth of 10,000 m. The SVP for a specific area of




ocean is extended to the "infinite" ocean depth of 10,000 m with a positive pressure gradient.
This technique can introduce discontinuities (in the first derivative) that may skew
transmission loss results when a negative gradient exists at the bottom. To investigate the
severity of the effect of extending the SVP with a positive gradient when a negative gradient
exists near the bottom (as is characteristic in shallow water) three shallow water cases with
a constant depth of 328 feet were defined:

A) A range-independent environment with an isovelocity profile to the bottom;

B) A range-independent environment with an isovelocity profile to 60 feet then
a positive gradient to the bottom;

O) A range-independent environment with an isovelocity profile to 60 feet then
a negative gradient to the bottom;

Figure 3-1 (a) through (c) show each of the sound velocity profiles described above. Model
runs were conducted for each of the three cases using ASTRAL within AUAMP (ref 1, 6),
the Fast Asymptotic Multipath Expansion (FAME) model of GSM (ref 11), and the Navy
Standard Parabolic Equation (PE) (ref 12). The hypothesis used in conducting this

s Sound Speed 7(ft/ﬂ “rs oo jouni Sp‘ud ‘(ﬂ/si 4000 s Soung Sp«dé@t/n)
£ £ £
Q Q
£ & X
00 mJ 800-

(a) Isovelocity (b) Positive Gradient (c) Negative Gradient

Figure 3-1. Sound Velocity Profiles Used in Algorithm Investigation




investigation, was that ASTRAL was computing transmission loss correctly for the isovelocity
(Case A) and positive gradient (Case B) environments, yet may not be calculating it correctly
in the negative gradient environment due to the SVP positive gradient extension (Case C).
If this hypothesis were true, the results of the comparisons would have the three different
models agreeing fairly well in the isovelocity and positive gradient cases. In the negative
gradient case PE and FAME would agree, but with ASTRAL results going notably askew.

Figure 3-2 gives the environmental parameters used in these model runs.

Parameter Value
I Water Depth 328 feet
Source Depth 60 feet
Receiver Depth 90 feet
Frequency 200 Hz

Figure 3-2. Parameters Used in SVP Extension Model Comparison

Figure 3-3 presents the LFBL parameters used for this run. Figure 3-4 presents a plot of the
bottom loss versus grazing angle curve for this environment derived from the LFBL
parameters.

The three models were run range-independently with the above parameters. Thus, the three
separate runs for each model were characterized uniquely by only a change in the sound
velocity profile.

Figures 3-5 through 3-7 present three curves to a graph representing the results of each of
the models for a specific environment (SVP Cases A through C, respectively).

As expected, the FAME, PE and ASTRAL results for the isovelocity and positive gradients
all tend to behave similarly. In the positive gradient case, FAME tends to underpredict, yet
a general agreement is seen. This is in accordance with the hypothesis stated above. In the
negative gradient case, the models tend to agree as well. This does not demonstrate the

10




— ] L rmeer ] Value o | ]
Rtio o SVP sediment to SVP water S 991
Gradient of SVP in sediment 13 /s
Sediment profile curvature -5/
Attenuation at interface .0070 dB/m/kHz
Attenuation gradient .0000S dB/m/kHz/m
Sediment surface density 2.66 gm/cc
Thin layer density 3.69 gm/cc
Thin layer thickness 48 m
Sediment two way travel time 129s

Figure 3-3. LFBL Parameters Used for this Run (absorbing bottom)
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Figure 3-4. Bottom Loss (absorbing bottom) for SVP Extension Analysis
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drastic behavior the hypothesis proposed. One possible cause for this is the fact that the
sediment sound speed for this run was taken to be slower than the sound speed in the water
column (absorbing bottom). Thus, all energy in the bottom tended to be captured by the
bottom and did not reemerge into the water column. This possibly could disguise the
extension algorithm effects, since the boitom paths are not playing into the waterborne
transmission loss paths significantly.

To investigate whether the bottom profile ¢ >upled with the water column profile has a
significant effect on the SVP extension algorithm, the same comparisons were done, for a
reflective bottom (sound speed in bottom is greater than that in the water column). Figure
3-8 presents the LFBL parameters used for this situation. Figure 3-9 shows the bottom loss
versus grazing angle curve derived from the LFBL parameters Figures 3-10 through 3-12
present the comparisons of AUAMP, PE, and FAME for the reflective bottom.

The gradient used to create the negative and positive sound velocity profiles was .16 /s. The
effect of the algorithm when the sound velocity profile exhibits a much steeper gradient,
either positive or negative was investigated. A gradient of .5 /s was used for this
investigation. Figure 3-13 through 3-14 present the transmission loss predictions from
AUAMP, PE and FAME when using a sharp positive gradient and a sharp negative gradient
with an absorbing bottom as shown in Figure 3-4.

15
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LFBL Parameter Value
Ratio of SVP sediment to SVP water 1.061
Gradient of SVP in sediment 13 /s
Sediment profile curvature -S/s
Attenuation at interface .0010 dB/m/kHz
IL Attenuation gradient .0001 dB/m/kHz/m
Sediment surface density 2.79 gm/cc
Thin layer density 4.03 gm/cc
Thin layer thickness 47 m “
Sediment two way travel time 1s “

e e ey

Figure 3-8. LFBL Parameters Used for this Run (reflecting bottom)
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Figure 3-9. Bottom Loss (reflecting bottom) for SVP Extension Analysis
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& Observations

Absorbing Bottom

ASTRAL, FAME, and PE agree well in the isovelocity case. ASTRAL tends to
underpredict transmission loss for the .16 /s positive gradient case. In the .16 /s
negative gradient case ASTRAL is seen to underpredict at short ranges and
overpredict significantly at long ranges. When moving to a steeper gradient (.5 /s)
for both the positive and negative gradient cases, ASTRAL is seen to significantly
underpredict TL relative to FAME and PE. In the sharp negative gradient case,
ASTRAL predicts 150 dB worth of transmission loss at 1 nm.

Reflecting Bottom

ASTRAL, FAME and PE agree much better for both gradient cases (at .16 /s
gradient) and the isovelocity case. ASTRAL does tend to underpredict relative to PE
on the isovelocity and positive gradient profile cases. ASTRAL and PE agree well for
the negative gradient case with a reflective bottom.

Conclusions

Comparing both bottoms against all three sound velocity profiles does not show
ASTRAL results behaving significantly different relative to the PE and FAME results
for the reflective bottom case. In the absorbing bottom case, the steeper the gradient
(either positive or negative) results in ASTRAL disagreeing with PE. In the negative
gradient case, the difference between models is much more pronounced. Given the
test cases presented here with the environmental data used, the SVP extension
algorithm within AUAMP does appear to significantly affect transmission loss
prediction capability in stesp negative gradient environments with an absorbing
bottom. In less steep gradient environments, the problem does not manifest itself as
clearly. Though the results here leave suspect the SVP extension algorithm, the
treatment of the bottom between PE and ASTRAL may be different enough to result
in the discrepancies seen in this section, regardless of the extension algorithm.
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332 Bottom Loss Dependence in Shallow Water and in Slope environments

Due to the significant role of the bottom in shallow water, an analysis was conducted to
determine AUAMP’s sensitivity to bottom loss as compared to other models. This analysis
aids in understanding the BLUG treatment of bottom loss within ASTRAL in shallow water.
It is noted that ASTRAL, as incorporated into version 2.6, does not use the tenth shallow
water attenuation parameter included in the new LFBL data base (see Section 3.2).

AUAMP, PE and FAME were run in a range-independent environment with the same
parameters shown in Figure 3-2 above, except at a frequency of 600 Hz, for the same positive
gradient sound velocity profile as shown in Figure 3-1(b). Three separate cases were run:

A) High Loss below grazing angles of 20 degrees;
B) Low Loss below grazing angles of 20 degrees;
C) Medium Loss below grazing angles of 20 degrees.

The qualifier of below 20 degrees was used because of the depth of the water relative to the
range. With a water depth of 200 feet, one would expect grazing angles to be less than 20
degrees beyond .014 miles in this environment. The dominance of low grazing angles is
further reinforced with a plot of the grazing angles versus arrival angle curves for this
environment using the low loss case. Figure 3-15 shows the arrival angle as a function of
range for Case C from FAME.

Figures 3-16 through 3-21 present the bottom loss versus grazing angle and appropriate model
comparisons for Cases A through C, respectively.

The bottom loss at low angles does not have a significant effect on the transmission loss for
this positive gradient environment. Changing the bottom loss a few dB at the low angles had
only a small effect on the final transmission loss in all the model cases. This appeared to be
a mild reaction to bottom loss. To model the SVP closer to an approximation of shallow
water environments, the same test cases were run with the negative gradient profile shown
in Figure 3-1(c). Figures 3-22 through 3-27 present the applicable bottom loss versus grazing
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FAME/PE/ASTRAL Comparisons (+) High Loss Bottom

Figure 3-17. ASTRAL, FAME, and PE Comparisons - positive gradient (High Loss)
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Figure 3-19. ASTRAL, FAME, and PE Comparisons - positive gradient (Low Loss)
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FAME/PE/ASTRAL Comparisons (-) High Loss Bottom

Figure 3-23. ASTRAL, FAME, and PE Comparisons - negative gradient (High Loss)
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angle curves and the comparisons of the model runs using that specific curve and associated
LFBL parameters.

To observe the frequency dependence of the results transmission loss results were generated
from AUAMP at a frequency of 100 Hz for a negative gradient SVP characterized
environment for the three loss cases given above. Figures 3-28 through 3-33 presents the

bottom loss versus grazing angle curve with results of the comparisons for this frequency.
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® Observations
® Positive Gradient

In the high, medium, and low loss case there exists a good agreement between
ASTRAL, FAME, and PE. This is because the positive gradient SVP is refracting
energy away from the bottom. As a result the bottom loss does not play a significant
role in the water borne transmission loss.

] Negative Gradient

In the low loss case ASTRAL, FAME and PE tend to behave similarly. When a
medium loss bottom exists ASTRAL tends to increasingly overpredict TL as range
increases. In the high loss case ASTRAL is overpredicting transmission loss
significantly relative to PE and FAME.

] Frequency Dependence

In the 100 Hz case, ASTRAL overpredicts TL significantly in the low loss and
medium loss case relative to PE. ASTRAL is underpredicting TL relative to PE in
the high loss case. This is the opposite effect than seen at 600 Hz, in which ASTRAL
was overpredicting TL relative to PE.

® Conclusions

In positive gradient characterized environments, regardless of the bottom type, ASTRAL and
PE agree well. In negative gradient characterized environments, a small change (about 4-6
dB) in the bottom loss (fiom Case B to Case A) at the shallow angles results in differences
in transmission loss of 15 dB or more at ranges of 20 miles. There are significant

discrepancies between the models when a negative gradient and an absorbing bottom exist.
This could be due to the SVP extensicn algorithm or the treatment of the bottoin in specific
models. At lower frequencies the problems appear significantly worse, notably for a negative
gradient environment with a high bottom loss.
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Knowledge of the bottom loss in environments having negative gradient characteristic profiles
is crucial in determining the transmission loss. Precise and accurate knowledge of the bottom
loss at shallow grazing angles is absolutely necessary; an error of only a few dB can result in
considerable transmission loss variance. The arrival angles shown in Figure 3-15 demonstrate
that all significant grazing angles are less than 10 degrees at ranges greater than 1 mile. In
so far as PE is to be believed in shallow water environments, ASTRAL is not predicting the
same transmission loss results in negative gradient environments for any of the loss cases,
with the most significantly affected environment being the high loss case. There should be
caution exercised when using ASTRAL in negative gradient environments especially with high
loss bottoms.
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4.0 MODEL TO MEASURED COMPARISONS

Comparing model predictions with measured transmission loss is the iltimate method of
ensuring the accuracy of the model. However, because of the detail: d work involved in
collecting measurements and associated environmental and navigation data, finding an
experiment with all the precise data and resolution (time, space) necessary to perform a
rigorous analysis is often difficult. For this reason two very straightforward cases were
analyzed initially. Only initial comparisons of representative data sets have been made. No
attempt was mad: to conduct an exhaustive and comprehensive set of runs within an
experiment.

Two comparisons for each run in an experiment were completed:

1) Comparison of AUAMP-generated transmission loss accessing existing data
bases with measured transmission loss.

2) Comparison of AUAMP-generated transmission loss using every piece of
measured environmental data available with measured transmission loss.

These two comparisons aid in the determination of the effect the environmental information
used from the dz!i bases versus the in situ environmental data has on the calculation.
Comparisons of measured data and AUAMP predictions from three experiments are
presented in this cocument:

1) Acoustic Observations at a Shallow Water Location off The Coast of Florida
(ref 13)

2) Airborne Measurements of Shallow Water Acoustics at Various Locations off
the Eastern and Gulf Coasts of the United States (ref 14)

3) LFA-7 (ref 15, 16)

The first two experiments from which data was used represent very straightforward, non-
complicated measurements. The sources were stationary and the environment was described
fairly well with in situ SVP, bottom depths, etc. These two test exercises were analyzed
extensively. The third experiment listed above represented a challenge in the correlation of
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all navigation, environmental and transmission loss data. Preliminary comparisons of
measured transmission loss from this experiment and AUAMP predictions are presented.
The lack of some navigation data at the time this document was written, demonstrates clearly
some of the problems that can arise with non-precise navigation data.

The following three subsections, address each experiment listed above, in turn. Each
subsection contains an overview of the experiment, parameters of the experiment, and the
results of actual comparisons made. The last part of each subsection includes the description
of the methods used in the analysis and its results with illustrations stressing important
observations.

4.1 Urick-68, Acoustic Observations At A Shallow Water Location Off The Coast of
Florida

This experiment was conducted under the leadership of Robert Urick (NOL) in October of
1968 off the coast of Florida over a period of 36 hours. The receiver remained stationary
while aircraft dropped standard explosive sources along radials at various bearings from the
receiver. The primary measurements taken were transmission loss out to a range of 50 miles,
reverberation level, reverberation coherence, bottom loss and bottom scattering strength. The
advantage of this experiment is in its stationary receiver and measured transmission loss over
a range of frequencies, as well as bottom loss measurements. In addition, the receiver was
positioned in such a place that one radial run consisted of a flat bottom run, while two other
radial runs encountered upslope and downslope bathymetery conditions. This analysis
addresses two separate sections covering the flat and upsiope runs; the downslope run is not
included in this report.

The receiver environment was characterized by a bottom depth of 200 feet at 26-00-N, 83-30-
W. The measured sound velocity profile at the receiver is given in Figure 4-1. Two omni
receivers at depths of 80 and 180 feet were suspended from the ship. The windspeed was
modeled at a constant 7 knots (measured) for all comparisons in this section. The measured
bottom loss marked by three measured data points is shown in Figure 4-2 and is the bottom
loss for a frequency band of 800-1600 Hz.
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The following two subsections covering flat and upslope runs present comparisons of AUAMP
predictions and measured transmission loss for two frequencies (150 and 600 Hz), and two
receiver depths (80 and 180 ft). The source depth throughout this exercise was 60 feet. Two
frequencies were analyzed to observe AUAMP's dependence on frequency. Two AUAMP
predictions are presented for each measured run. One of the predictions is AUAMP-
generated transmission loss, calculated accessing the HOP data bases resident within
AUAMP. The second prediction presents AUAMP-generated transmission loss calculated
using all available measured data. This measured data consisted of bottom depth, SVP,
bottom loss, and windspeed. AUAMP was modified to allow input of in situ measurements
for bottom loss, SVP, bathymetry, etc. It is noted that ASTRAL is confined to using BLUG
provinces and subsequently LFBL parameters. Thus, to input in situ bottom loss, the set of
LFBL parameters which resulted in the best fit to the bottom loss versus measured grazing
angle curve was used as the in situ LFBL parameters.

4.1.1 Flat Environnvent, Run A

Comparisons between the transmission loss for four cases are presented in this section for
Run A. They consist of:

1) Receiver at 80 ft at 150 Hz;
2) Receiver at 80 ft at 600 Hz;
3) Receiver at 180 ft at 150 Hz;
4) Receiver at 180 ft at 600 Hz.

Figures 4-3 through 4-6 present the comparisons between AUAMP and measured data for
each of the above cases. Each figure consists of 4 curves:

1) AUAMP transmission loss generated with HOP environmental data,
2) AUAMP transmission loss generated with measured environmental data;
3) Measured transmission loss;

4) 20 log(r) for reference.
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® Observations

As one can see in these four figures, there is no significant similarity in the comparisons.

Predictions generated with in situ data do tend to predict the trend of the measured

transmission loss data mildly better. The large discrepancies between any of the comparisons

can be due to a number of reasons, the most significant is discussed below.

The bottom loss

As seen in our test case (Section 3.2) ASTRAL is very sensitive to bottom loss
in shallow water at the low angles. To determine what the LFBL parameters
should be to represent the measured bottom loss versus grazing angle curve,
an analysis of the bottom loss of many environments was conducted. These
bottom loss curves were correlated with the measured bottom loss curve to
obtain the best match. We were essentially correlating three measured data
points in the wrong frequency band. Because we did not have bottom loss
versus grazing angle information below 11 degrees we assumed the bottom loss
below 11 degrees was constant at the 11 degree value which was less than 1
dB. With this assumption the model was run. The resultant predictions are
those shown in the above plots. If the bottom loss was assumed to be 0 dB
at low angles or, conversely assumed to increase at the low angles, different
LFBL parameters would have been fed into AUAMP and different
transmission loss predictions generated.

To investigate the sensitivity and the extent to which the bottom loss affects
a correlation between measured data and AUAMP predictions, the following
analysis was completed. Three different sets of bottom loss parameters were
fed into the model with all other environmental inputs remaining constant at
the measured value. Figures 4-7 through 4-9 demonstrate the 3 bottom loss
cases tried. The bottom loss shown in Figure 4-8 is the bottom joss that
AUAMP extracted automatically out of the receiver location for this run and
used to generate the transmission loss predictions shown above. Figure 4-10
presents the AUAMP predictions of transmission loss generated using each
of these bottom loss cases as well as the measured transmission loss for this

46




(ss07 m0]) 3jSuy Suze1D) sNsIaA sSO] wonog “L-p 3031

MO0 — NO'O  “Tvd SSOT wopog paAllag—oNnIg

so6 | 006
soe | ocw (60q) oibuy Buiznsy
06 | 008 06 og oL 09 05 or oc oz ot 0
068 | o0¢cs 0
89 | oo
we | oce .
veg | 009 ‘
oce | ows z
v99 | ovs \
gse | 09
ose ] o02s \ ¢
we | oos
xe | oo \ 4
oce | o9
809 | ov S
g6l | ooy
ste | oor °
szt | ov ¢
869 | 0 |~
99 | oze s &1 =~
19 | ooc . sl
cc | owz s 3
9y | 092
e | o2 o §
wo | o2z 4
00 | 002 "
vo0 | 0Bl Ny
£00 | 09 uns
0o | on
o000 | ozt <1
o000 | oot
000 | o6 "
000 | 0%
000 0L [
000 [ 09
000 oS 94
100 ] Oy
o | ot m
100 | 02
000 ot e
ooo | oo
mo0e | (6eQ) . 6¢

) w‘c( ™ 0609 - L3usnbe g _ — oz




(sso] wnipapy) 28uy Suizel sNsIIA sSOT wonog ‘g-p amdry

SSO7 WNIPap OV
MS'9L — NS'ST ‘“TIV4 SS07 WORogY PaMIaQ—9NTIg

sce ) 008 (8eq) #1Buy Buizouy
ste | 08
zte | ooe 06 ] oL 09 o oy oc or ol (]
g96 | 05 0
196 w.E.
156 'S9 .
e | 009 \
Ics | ows z
26 | 096 /
sie | ovs | c
908 | 0Z¢ \
c6a { o0c v
we | oo \
898 oy <
ice |} ov
e | ooy .
org | oor
| o ,
15
e | o \ .
e | o W
w9 { oot . m ®
ws | ou ———
9t | o9z o
vwi | oz W
we | or
c60 | ooz W,
L0 | o8t )
60 | o9t ul
€90 { Ot
0 | ozt N
iso | oot
8y0 o6 ”t
o | 08
o0 0L [}
sco | o9
oo os o1
sz0 | o¥
610 | o¢ 0
cvo | o
00 | o o
000 | oo
61
M 008 .
G — mom = e |
) seoy buzoss (174




(sso1 ySiH) s@uy Suizesn snsiaa sso] wonog G- 3undg

sso7 ybiH4 wv
MG'8Z - NO'9Z ‘Tv4 SS07 woyog paAUad-9N1g

e | o (80q) #1buy Burzuy

we | 0o 08 08 oL 09 s or o< L4 ol 0

e | ose 0
e | oo

ive | oce

we | ooe 7 '
w9 | ous z
ove | o9s N

ove | 05 c
ove | ozs 7

e | 005 '
&8 | o8

s | o9 .
©$9 | ov N

w9 | o2y .
%9 | 00r

e | o9 4 ¢
wo | on e

oce | oz ¢ ¥
(e | oo o
ze | oW ] W A
ote | o9z

209 | ov ol M
we | or

e | ooz "_
069 | ot a
99 | o9l u
oss | on

99y | ol €
vee | oo

occ | o6 "
stz | o9

12z | o¢ st
ssi | 09

it | os 9
i | oy

060 ot n
uo | oz

o0 | 01 o
oo | 00

nooe | (6eq) L)

e N = Lnmnbes

fee) w0y Bunzoun L o 4 _ oz

SUPeIng INWNSIY MalL




eye

pomsesjy pue s3dAL wonog wauRId Pim JWVNYV Uasmiag suosedwod “g1-p iy

suosupdwog sso wopog 11 1014 ZH 009 ‘¥ 08 23y

0'0S oSy

oo oSt

o'oc o'st

(sapw) 9buoy

o

o'st

oot

oS

00
ooLl

e

T~

\

000}

T~

AN

\

A

006

N

N

\

oo

N\
N

(8p) L

0'0L

~—

1

009

onm 200 U
- 080 ACY
p— T )
— peneDel

00e

[0 4

S0




run again. It is obvio 's that the bottom loss at very shallow angles is playing a very significant
role in the transmission loss predictions within ASTRAL. The only significant difference
between the bottom loss versus grazing angle curves shown in Figure 4-7 through 4-8 is at the
shallow grazing angles. In addition, from Section 2 we see that all grazing angle rays that
contribute to the transmission loss at a specific range are the shallow angles (below 20
degrees). The measured transmission loss can be matched perfectly with an AUAMP
prediction, given a slightly different bottom loss versus grazing angle curve. This clearly
illustrates that no longer is it sufficient to have knowledge of the bottom loss within 2 or 3
dB for a shallow water run. It is crucial to have accurate and precise low grazing angle
bottom loss information. Again, the importance of shallow grazing angle bottom loss is
emphasized.

4.12 Upslope Environment

This part of the experiment was characterized by the sources moving from the receiver on a
radial with a bearing 260 degr=es from the receiver. There is a gradual slope over 30 miles
from 400 feet at the source uphill to 200 feet at the receiver. The transitional environment
is an environment of present concern, and the intent of these comparisons are to note
AUAMP’s capabilities in predicting transmission loss in upslope runs.

Two representative cases are presented to illustrate the results of comparisons:

A) Receiver at 80 feet at 600 Hz;
B) Receiver at 180 feet at 600 Hz.

Four transmission loss plots are presented on each of the following figures as described in
Section 4.1.1. Figures 4-11 and 4-12 present the results of the comparisons.
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® Observations

The comparison of measured data with AUAMP predictions generated with in situ
environmental information or even with HOP environmental data does not correlate
significantly well. A small improvement is seen when moving from HOP generated
predictions to in situ generated predictions. The culprit for the large order mismatch is
probably, once again, the lack of precise bottom loss information.

42 Urick-71, Airborne Measurements of Shallow Water Acoustics at Various Locatlons
off the Eastern and Gulf Coasts of the United States

Urick collected transmission loss data out to 30 miles for eight locations extending from Cape
Cod to the Mississippi Delta in 1971. The transmission loss was collected by a stationary
receiver at each site while explosives were dropped along 8 different radials from each
receiver. This experiment highlights the range-dependence of typical shallow water sites off
the east coast of the U.S. In this report representative comparisons are presented.
Specifically, comparisons of data measured in Site 1 (Gulf of Mexico) and Site 5 (off the
Delaware shore) with AUAMP predictions are given. Measured range-dependent sound
velocity profiles and bottom depth exist for some radials as well as at the receiver site.
Measured windspeed is available as well. No bottom loss information was collected for this
experiment. The characteristic SVP for Site 1 was a negative gradient near the bottom. The
characteristic SVP in Site 5§ was an isovelocity or very small positive or negative gradient near
the bottom depending on the exact range from the receiver. The bottom province extracted
out of LFBL w1s constant across all environments. The province reflected an absorbing
bottom (sound speed in seciment is less than sound speed in water column). The remainder
of this section is divided into tvo subsections for each of the sites of interest (1 and 5).

42.1 Gulf of Meaxico, Site 1

In Site 1, the Gulf of Mexico, aircraft dropped explosive sources set to detonate at a depth
of 60 ft. The receiver was a sonobouy deployed at the center of the 8 radial arms receiving
at a depth of 90 ft. Various frequencies were processed with the explosive source. The
transmission loss in octave bands centered at 125 and 500 Hz arc the two presented in this
section. For Site 1 two radials are presented (165 degrees a;.u 345 degrees). These two
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radials were chosen because they had a higher amount of measured environmental data than
other radials. For each of the areas, one figure is given with four plots on each of them
which represent:

1) AUAMP transmission loss generated accessing HOP data bases;

2) AUAMP transmission loss generated accessing in situ environmental
data (range-dependent SVP, bottom depth);
3) Measured transmission loss;

4) 20 log(r) (for reference).

This site was too shallow to use the standard SVP data bases within AUAMP. The HOP
designated SVP’s for this site were extracted from the ADI shallow water SVP data base for
CONUS (ref 18).

Figures 4-13 and 4-14 present comparisons of transmission loss for the 125 Hz case for radials
1 and 2, respectively ( 165 and 345 degrees). Figures 4-15 and 4-16 present comparisons for

transmission loss for the 500 Hz case for radials 1 and 2 respectively.




ZH STI ‘tetpey Fap 691 ‘| AUS ‘el PAINSEIW YiIm uosiedwo) TVALSV ‘€1-¥ 331y

zH4 G¢1 bap Ggg| = |oipoy | 8YS

(sspw) sbuoy

oot 0'se ooz ocL

oo

0004

008

O
008 u 2%
P
Q
)
oeL
- 0°09
0’05
- (M) avv
o (JOH) JPVIV
— 3 b0y O
— ponsosy LT
o'or




ZH SZI ‘[e1pey 39p S {1 NS ‘Tied PIINseIy Yim uosuedwod TVIILSY  pi-p omdig

zH Ggl| bap gy¢ = |pIpDY | BYS

(sapw) 9buoy

oo o'sT (4 oSt

o0l

006

o
=
Vo
a
L+
g
oL
1 000
00§
o (0yS4) VW
== (JOH) drWY
- J 6oy 0T
— = 00y
"N

57

|
ﬁ
_
w
_
“
_
w
m
_




ZH 005 ‘je1ped 39p 91 {1 2uS ‘eie paInsLI Yim uosiiedwod TYYISY Si-p smndy

z4 005 bap G91 = |ppoY | BYS

(sapw) abuoy

ooe (X~ 4 ooz oSt ool oS 00

ool

_ \

58

(er) U

RN

BN

009
00s

- (rysn) grviw

a=n (JOH) STV

—stor 0z

— = ooy




ZH 005 ‘jelpey 3ap SpE ‘1 S ‘ered pINSEIW Yum vosiedwo) TVYLSV 91-F 2indi]

ZH 00S bap Gy¢ = |oipDy | BYS

(s9)jw) abuoy
oot osZ 0oL oS ool oS 00
0001
006
o
y
0’08 _H_
™~
Q
0
S
0oL
000
008
- (nysut) dreviw
o (JOH) STV
— s B0y OT
—_— PRINSOSM Y]
oo
™




® Observations

A relatively good match exists between the measured transmission loss and the AUAMP
generated transmission loss for both the in situ environmental data as well as the HOP
generated data. No significant improvement is seen from moving from AUAMP HOP
generated predictions to AUAMP in situ generated predictions.

There exists a slight offset in slope (i.e., in range) between the measured transmission loss
and the AUAMP generated transmission loss for both the 125 and 500 Hz frequencies. This
offset could be to a very small mismatch in the bottom loss. This type of slope offset was
seen much more drastically in the results of the effect of bottom loss at shallow grazing angles
for the Urick-68 experiment (Figure 4-10). This small offset is minimal and may be due to
a very small change in bottom loss.

422 Area 5, OIT the Delaware Shore

Comparisons of transmission losses in this location were done for two radials (255 and 365
deg), representing vastly different environments. There are 4 curves to a page as explained
in Section 4.2.1. Figures 4-17 and 4-18 present comparisons of transmission loss for a
frequency of 125 Hz for radials, 1 and 2 respectively Figures 4-19 and 4-20 present

comparisons of transmission loss for a frequency of 500 Hz for radials 1 and 2, respectively.
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8 Observations

The comparisons are improved at this site for the 255 degree radial relative to the 365 degree
radial. This is possibly because the water depth is deeper than the previous site. The water
depth at the receiver was approximately 700 feet and stayed essentially constant. In situ
environmental data predictions result in an improved comparison over HOP generated
predictions. The characteristic SVP at the receiver site had a slight positive gradient. This
could have downplayed the importance of knowing the bottom information, since sound was
refracting away from the bottom.

A constant offset in transmission loss is seen between the measured transmission loss and the
AUAMP generated transmission loss with the in-situ data for the 255 degree radial. The
slope of the two curves appear the same. The reason for this type of offset in transmission
loss will be investigated further.

The transmission loss predictions out radial 365 did not correlate well with measured data.
This is possibly because this radial was characterized as a steep downsiope. No detailed
bathymetry data was available to accurately map this.

43 LFA-7

The LFA-7 experiment, conducted in July of 1991 in the Mediterranean, was unique as
compared to the two other experiments in this study. It consisted of a moving source as well
as a moving receiver. The environment for the transmission loss runs presented here was
primarily an upslope environment. For the transmission loss comparisons presented, the only
in situ data used were SVP and windspeed. The comparisons shown below compare a static
TL run generated from AUAMP with measured transmission loss from a moving source and
receiver. To accurately model the measured transmission loss, with the motion of the assets
included, multiple transmission loss runs would have to be completed. This was not done in
this analysis. For the transmission loss runs received, detailed navigation data was missing
at the point where it was most crucial. Thus, all navigational information is relatively crude,
having been extracted from the XBT drop points and the sparse truth data available at those
times. Determining which of the transmission loss runs actually were venturing up the slope
was difficult. The runs investigated initially were at the start of the experiment and no truth
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data existed. The run in which truth data may have been available, by coincidence, was
missing the times associated with the run. Yet, using information from the environmental
measurements and what truth data was available for the times of interést, two transmission
loss run measurements were compared with AUAMP predictions.

Figure 4-21 reflects transmission loss generated and measured for a scurce at 60 feet. The
three curves plotted are:

1) AUAMP predictions with HOP data;
2) AUAMP predictions with in situ SVP,;
3) Measured data.

Case 2 is a best guess as to the asset locations and the location for the in situ SVP relative
to these assets. The measured data is the data received from reference 16, yet only one value
every mile was plotted. With the range resolution of 2 nm presently within AUAMP, as well
as with the data base resolution, the fine structure of the measured TL would not be seen.
Smaller range intervals do not have enough of a significant effect to explain the differences
shown (ref 17).

Figure 4-22 reflects transmission loss generated and measured for a source at 350 feet. The
two curves plotted are:

1) AUAMP predictions with HOP data
2) Measured data

In situ SVP is not presented in this plot as it was inconclusive as to the location of the assets
relative to the XBT drop.
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® Observations

There is very poor agreement with modeled data. Imprecise navigation data clearly results
in inconclusive results. This complex experiment with the motion of all the assets involve
make it difficult to determine a result in a specific area. Even if precise navigational data had
been available for all assets, the speed and direction of the source and receiver may throw
the results off, or not having bottom loss information may be the culprit for the noor results.
This experiment emphasizes the difficulties in validating a model. If the validation is to be
a robustness analysis (i.e., how well do you have to know the navigational position to get an
accurate answer or, given a system, what is the most appropriate way to model it with the
model) this may be the experiment to pursue. To determine whether a model can accurately
model an ocean environment, this experiment is entirely too complex. This experiment will
be investigated further as more precise navigational data is received to attempt to pinpoint
the culprit parameter for the mismatch.

There exists a constant offset in transmission loss between the measured and modeled data

in Figure 4-22, as in the previous experiment. The reason for this type of offset will be
further investigated.
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5.0 PRELIMINARY CONCLUSIONS, RESULTS, RECOMMENDATIONS
These comparisons have generated some initial observations and results which follow.
. ASTRAL predictions agree with PE and FAME for positive gradient environments.

Though the comparisons presented in Section 2 are not exhaustive, it appears that
ASTRAL is not behaving significantly different than FAME and PE in shallow water
environments where a positive gradient exists, no matter what the bottom. ASTRAL
is useful in shallow water environments characterized by a positive gradient.

o ASTRAL predictions disagree with PE and FAME for negative gradient
environments.

The negative gradient environment is accentuating the bottom interaction. FAME,
PE and ASTRAL do not agree well for these environments. The disagreement
between PE and ASTRAL is greatest when an absorbing bottom exists in the presence
of a negative gradient SVP. As the negative gradient increases, the disagreement
between PE and ASTRAL grows for both the reflective and absorbing bottom.
Caution should be exercised when using AUAMP for negative gradient environments.

a-3  All models predict a marked sensitivity to bottom loss at shallow grazing angles.

-

Though this is physically predictive, the present data bases and techniques of modeling
the bottom loss may not be sufficiently comprehensive. The high sensitivity of a few
tenths of a dB in bottom loss which significantly affects transmission loss dictates the
knowledge of bottom loss characteristics (i.e., reflectivity, bottom scattering strength)
with a resolution which will support useful model predictions in shallow water. PE,
FAME and ASTRAL do differ significantly when the bottom plays an important role
in the transmission loss calculation (negative gradient, absorbing bottom), ASTRAL
demonstrates the most significant effect due to these environmental conditions.
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The transmission loss comparisons do not consistently correlate with measurements.

This is seen throughout the comparisons. In cases where the correlation was better
the sound velocity profile usually had a positive gradient. The positive gradient
situation minimized bottom interactions, such that accurate bottom information or
data was not as significant as in the negative gradient cases. This again seems to be
highlighting a data base problem and possibly a bottom modeling problem. The
distinction between bottom modeling and a data base problem cannot be resolved
until precise bottom loss measurements are available.

Bottom loss knowledge is crucial.

Bottom Joss is the most significant environmental parameter, especially at very low
grazing angles. Even a small difference (less than 1 dB) at the low angles can -esult
in a2 10 dB difference in transmission loss at 10 miles (as seen in the analysis cases
presented at the end of Section 4.1).

Knowledge of the asset locations and environment are crucial.

This can be seen clearly in the LFA-7 experiment. Movement of the source position
in an upslope environment can affect the transmission loss significantly.

In some cases a constant offset in transmission loss is seen.

This is evident in the Urick-71 and LFA-7 experiments. This kind of phenomena is
not as easily explained with bottom loss differences since bottom loss variances tend
to result in significant differences in the slope of the transmission loss curve.
Constant offsets between measured and modeled data in shallow water will be
investigated further.

Preliminary Recommendations

Conduct an experiment specifically designed to measure bottom loss, especially at the
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low grazing angles. There is no sufficient amount of bottom loss measurements at low
grazing angles for low frequencies (less than 1kHz) in shallow water. Conclusive
evaluation of shallow water transmission loss modeling capability requires the input
of proper bottom characteristics with appropriate resolution. This is demonstrated
through the ASTRAL transmission loss predictions shown in Section 3. Small
variations in bottom loss at shallow angles significantly affect the transmission loss.

Conclusive studies into the applicability of a model in shallow water dictate controlled
experiments with minimal possibilities of error. Navigation errors -an be reduced
greatly by designing an experiment to have a stationary receiver and moving source
(or vice versa). Bottom loss measurements, SVP along the TL track, wind data, and
scattering strength data as well as detailed bathymetry data should then be taken.
‘then, with this nearly precise environmental information, comparisons with model
predictions should be performed. In the absence of this type of experiment, available
parameters can be appropriately (or inappropriately) adjusted to obtain a good
correlation.

The same needs that exist for bottom loss are present for bottom scattering strength
modeling. In the active arena of current efforts, these two parameters need to be
better understood and characterized.
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Areas Fiscal Years 1990-1991, RP92-016

AD B167229 Outpatient Nonavailability Statement Procedures Health
Services Command Catchment Areas: Third Quarter Fiscal Year 1991,
RP92-018

AD B166262L Coordinated Care Data Dictionaries, RP92-019

AD B166187L Financial Analysis Support System (FASS) Training
Manual Version 2.1a, RP92-020

AD B167764 Partnership Provider Pudit Report for Fort Drum MEDDAC,
Fort Carson MEDDAC, & Eisenhower AMC Gateway Catchment Areas,
Fiscal Year 1991, RP92-021

AD B167595 Partnership Provider Audit Report for Fort Benning
MEDDAC and Fort Riley MEDDAC Gateway Catchment Areas, RP92-022

AD B167766 Partnership Provider Audit Report for Fort Leavenworth
MEDDAC and Fort Campbell MEDDAC Gateway Catchment Areas, RP92-023

AD B167552 Partnership Provider Audit Report for Fort Leonard Wood
MEDDAC, West Point MEDDAC, Fort Bragg MEDDAC and Fort Sill MEDDAC
Gateway Catchment Areas, RP92-024

;:AD B167935 Partnership Provider Audit Report for William Beaumont
AMC Gateway Catchment Areas, RP92-025

AD B167509 Partnership Provider Audit Report for Fort Hood MEDDAC
Gateway Catchment Areas, RP92-026

AD B167821 Partnership Provider Audit Report for Letterman,
Tripler, & Madigan Medical Center Catchment Areas, RP92-027

AD B167819 Partnership Provider Audit Report for Fitzsimmons,
Walter Reed and Brooke Medical Center Catchment Areas, RP92-028

AD B167765 Partnership Provider Audit Report for Redstone Arsenal,
Fort McClellan, Fort Rucker, & Fort Wainwright Medical Department
Activity Catchment Areas, RP92-029

AD B167852 Partnership Provider Audit Report for Fort Huachuca,
Fort ord, & Fort Stewart Medical Department Activity Catchment
Areas, RP92-030

AD 5167594 Partnership Provider Audit Report for Fort Knox, Fort

Polk, Fort Meade, Fort Devens, Fort Monmouth, Fort Dix, & Fort
Jackson Medical Department Activity Catchment Areas, RP92-031
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